Introduction
============

Recent evidence suggests that *in utero* nutrition can play a significant role in determining the cardiovascular health of an individual in later life. A typical North American diet is rich in dietary fats, a fact that has been linked to the increased prevalence of cardiovascular disease (CVD).[@b1-nmi-3-2010-069] As a result, a number of studies have focused on the effects of maternal consumption of high-fat diets during gestation and lactation on the development of insulin resistance,[@b2-nmi-3-2010-069] obesity[@b3-nmi-3-2010-069] and hypertension[@b4-nmi-3-2010-069] in the offspring. It is well known that besides the quantity of fat, the quality of dietary fats also plays an important role in determining the outcome of CVD. While an increased consumption of saturated fatty acids (SFA) has largely been associated with higher incidence of CVD,[@b5-nmi-3-2010-069],[@b6-nmi-3-2010-069] a diet rich in polyunsaturated fatty acids (PUFA) is known to lower the risk of developing CVD.[@b7-nmi-3-2010-069],[@b8-nmi-3-2010-069] Therefore, replacement of dietary SFA with PUFA is recommended as a preventive measure for CVD by the general population.[@b9-nmi-3-2010-069],[@b10-nmi-3-2010-069] However, in the past decades a steady increase in the dietary *n-6* PUFA consumption has been associated with increased incidence of obesity and metabolic syndrome.[@b11-nmi-3-2010-069] Moreover, an exposure to *n-6* PUFA *via* breast milk and infant formulas during early life has also been associated with the increased incidence of childhood obesity in humans.[@b12-nmi-3-2010-069] The *n-6* PUFA constitutes ∼85% of the total dietary PUFA intake in modern-day Western diet.[@b10-nmi-3-2010-069] This prevalence would also point towards an increased intake of *n-6* PUFA during pregnancy, thus emphasizing the need to understand the effects of a maternal diet rich in *n-6* PUFA fed during gestation and lactation on the metabolic and cardiovascular health of the adult offspring.

Mechanistically, dietary fat intake can alter the cellular and systemic lipid metabolism, thus it is proposed that a maternal diet rich in *n-6* PUFA would 'program' the offspring lipid metabolism in a way that would affect their cardiovascular health in later life. We have previously reported lower hepatic mRNA expression of LDL-receptor, higher plasma LDL-cholesterol and reduced aortic contractile reactivity in the female offspring of C57Bl/6 mice fed a diet rich in SFA during gestation and lactation.[@b13-nmi-3-2010-069] The current study was designed on the basis of these previous findings to investigate whether a maternal diet rich in *n-6* PUFA fed during gestation and lactation would affect the lipid metabolism and vascular reactivity of the adult offspring.

In addition, there is emerging evidence suggesting that the interaction between maternal and postnatal nutrition plays an important role in modulating the metabolic and cardiovascular health of the offspring in adult life. According to the predictive adaptive response (PAR) hypothesis, it is proposed that the developing fetus *in utero* senses its nutritional environment and undergoes certain metabolic adaptations while predicting a similar postnatal nutritional environment. If the post-natal nutrition is similar to the expected (prenatal) nutrition, the fetal metabolic adaptations would be able to deal with this nutritional environment and the offspring would be protected from the ill-effects of the postnatal nutritional environment, if any. However, when the postnatal nutrition is considerably different from the prenatal nutrition, the fetal metabolic adaptations are incapable of dealing with the 'unpredicted' postnatal environment and the disease becomes manifest.[@b14-nmi-3-2010-069] In the current study, we also investigated the effects of interaction between the maternal and post-weaning diet on the lipid metabolism and vascular reactivity of the adult offspring with respect to the PAR hypothesis.

Materials and Methods
=====================

Animals
-------

All the experimental procedures were in accordance with the principles and guidelines of the Canadian Council on Animal Care, and were approved by the Institutional Animal Care Committee of Memorial University. Animals were housed in a single room with a 12 hr light/12 hr dark period cycle. The temperature and humidity were maintained at 21 °C and 35% ± 5%, respectively.

Female C57Bl/6 mice (8-week-old) were fed *ad-libitum*, for 2-weeks prior to mating and throughout gestation and lactation, either a control diet or a diet rich in *n-6* PUFA. At weaning, the offspring from each group of mothers were divided into two groups, where one half continued on the control diet whereas the other half were fed high-fat diet rich in *n-6* PUFA for next 8-weeks. The resulting offspring groups were identified by their *pre-/post-weaning diet* combination: PUFA/PUFA (P/P), PUFA/control (P/C), control/control (C/C) and control/PUFA (C/P). The current study was conducted in parallel to our previous study, where offspring lipid metabolism and vascular reactivity was studied in response to pre- and post-weaning diets rich in SFA vs. control.[@b13-nmi-3-2010-069] Thus, the data originating from the control group of female animals ie, C/C is shared with our previous study. Body weights and food consumption of the offspring were recorded weekly. At the end of study period, mice were fasted for 12 hr overnight and then sacrificed by anaesthetizing the animals with halothane vapor in a closed chamber.

Diets
-----

The experimental high-fat diet rich in *n-6* PUFA was prepared using a base semi-synthetic diet \[casein, 200; DL-methionine, 3; sucrose, 305; corn starch, 190; safflower oil, 200; alphacel non-nutritive bulk, 50; vitamin mix, 11 and mineral mix, 40 g/kg of the diet supplied by MP Biomedicals, OH, USA\]. The diet was obtained in powdered form with fat source omitted, designed specifically to permit the control of fat level at 20% *w/w.* Safflower oil obtained from a local supermarket was used as a source of *n-6* PUFA. The control chow diet contained proteins, 23.2%; fiber, 3.8%; starch, 39.5%; glucose, 0.29%; fructose, 0.34%; sucrose, 3.38%; ash, 6.6% and 5% fat (Agribrands Purina Inc, ON, Canada). The fatty acid composition of the experimental diets was determined using the methods of gas-liquid chromatography described previously[@b15-nmi-3-2010-069] ([Table 1](#t1-nmi-3-2010-069){ref-type="table"}).

Plasma lipid profile
--------------------

Fasting blood was collected using cardiac puncture into tubes containing 4.5 mM EDTA, pH 7.5. Plasma was collected after centrifugation of whole blood at 3000 *g* for 15 min. Plasma triglycerides (TG) and total- cholesterol concentrations were determined using TG assay kit \# 2150-101 and cholesterol assay kit \# 1010-430 (Stanbio Laboratories, TX, USA). Plasma samples were treated with the reagent \# 200-26A (Diagnostics Chemicals Ltd., PEI, Canada) and the supernatant was used for assaying high-density lipoprotein (HDL) concentration using the cholesterol assay kit \# 1010-430 (Stanbio Laboratories, TX, USA). The non-HDL cholesterol concentration was determined by subtracting the HDL-cholesterol concentration from the total-cholesterol concentration. The plasma low-density lipoprotein (LDL)- cholesterol concentration was calculated from plasma total-cholesterol, HDL- cholesterol, and TG concentrations according to the method of Friedewald et al.[@b16-nmi-3-2010-069] Plasma non esterified fatty acids (NEFA) concentration was determined using commercially available kit \# 999-34691 (Wako Chemicals Inc., USA). Blood glucose concentrations were measured using a commercially available glucometer (Lifescan Inc, CA, USA) in the fasted animals from the tail blood at the time of sacrificing the animals.

Quantitative-PCR analysis
-------------------------

Liver tissues from sacrificed animals were snap frozen in liquid nitrogen and stored at −70 °C until further analysis. Total RNA was isolated from the liver samples as previously described.[@b17-nmi-3-2010-069] Reverse transcription of total RNA into cDNA was performed using one-step reverse transcription kit from Roche Diagnostics (PQ, Canada). The mRNA expression levels were determined on a Lightcycler 2.0 Detection System (Roche Diagnostics, PQ, Canada). The primer sequence in the order of sense (S) and anti sense (AS) used for the amplification of various genes were as following: Scavenger receptor-B1 (SR-B1) (S): 5′- TTTGGAGTGGTAGTAAAAAGGGC-3′, SR-B1 (AS): 5′- TGACATCAGGGACTCAGAGTAG-3′; Lecithin cholesterol acyltransferase (LCAT) (S): 5′- GTAACCACACACGGCCTGTC-3′, LCAT (AS): 5′- TCTTACGGTAGCACATCCAGTT-3′; Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (S): 5′- TGAAGCAGGCATCTGAGGG-3′, GAPDH (AS): 5′- CGAAGGTGGAAGAGTGGGAG-3′, where GAPDH was used as housekeeping gene. Briefly, standard curves were generated using the serial dilution of a control sample for various target and GAPDH genes and the PCR efficiency for each reaction was calculated. No differences were found in the expression of GAPDH among various groups. The expression of a gene for each sample was then calculated in relation to the expression of GAPDH, thus, normalizing and correcting the data for the differences in PCR efficiencies for each set of primers.

Vascular function analysis
--------------------------

Thoracic descending aortas were isolated and cleaned of adherent fat, and then 2 mm length segments were used for determining the drug concentration-isometric contractile response curves for KCl (30--120 mM), phenylephrine (PE; 1 nM to 10 μM) and thromboxane A~2~ mimetic (U46619; 1 nM to 1 μM) as previously described.[@b13-nmi-3-2010-069] Then endothelium-dependent and -independent relaxation responses were measured using acetylcholine (ACh; 1 nM to 10 μM) and sodium nitroprusside (SNP; 1 nM to 10 μM), respectively, in vessels contracted submaximally with U46619 (50%--75% of E~max~). All chemicals were purchased from Sigma Aldrich (ON, Canada).

Statistical analysis
--------------------

Data were expressed as means ± SEM, *n* = 6--10, where P/P, *n* = 8; P/C, *n* = 6; C/C, *n* = 10 and C/P, *n* = 6. Main effects of pre-weaning diet, post-weaning diet and their interaction (pre-weaning X post- weaning diet) were assessed using two-way ANOVA. Effects of the significant interaction were further analyzed using Tukey's HSD *post hoc* tests (S*YSTAT for Windows*, *version 12.02; SYSTAT Software Inc*., Richmond, California). Differences having a *P* \< 0.05 were considered significant.

Constrictor responses were reported as the force generated in response to each concentration of the agonist and relaxant responses as the percentage reversal of U46619-induced contraction. Cumulative concentration--response curves to agonists were analyzed by fitting to a four-parameter logistic equation using non-linear regression to obtain the -log effective concentration equal to 50% of the maximal response (pEC~50~) and maximum response (E~max~) (Prism 3.0, GraphPAD Software Inc). pEC~50~ and E~max~ values were then compared using two-way ANOVA with Tukey's HSD *post hoc* analysis. Since the KCl-response curves were not sigmoidal, pEC~50~ values were not calculated and only maximal responses were compared among various groups.

Results
=======

Offspring body weight, food and caloric intake and serum variables
------------------------------------------------------------------

A significant interaction between the pre- and post-weaning diets affected the offspring body weight at 11-weeks of age (*P* = 0.002) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). Multiple comparisons further revealed that a continuous exposure to *n-6* PUFA-rich diets during pre- and post-weaning time periods was associated with higher body weight in the P/P offspring compared to the P/C offspring (P/P vs. P/C, *P* \< 0.001) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). A significant interaction between the pre- and post-weaning diets also affected the food and caloric intake in the female offspring (*P* = 0.028 and *P* = 0.037, respectively) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). Multiple comparisons further revealed that *n-6* PUFA-rich diets fed post-weaning was associated with lower food intake in P/P and C/P offspring compared to the P/C (*P* \< 0.001) and C/C offspring (*P* \< 0.001) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). In addition, both P/P and C/P offspring exhibited reduced caloric intake compared to the C/C offspring (*P* \< 0.005) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). No differences were found among the offspring for either fasting plasma glucose or NEFA concentrations ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}).

Offspring plasma lipid levels
-----------------------------

A significant interaction between the pre- and post-weaning diets was observed for the offspring plasma TG (*P* = 0.014), total-cholesterol (*P* = 0.006) and HDL-cholesterol concentrations (*P* \< 0.001) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). Multiple comparisons further revealed that C/P offspring had higher plasma total-cholesterol concentration compared to the P/P and C/C offspring (P/P vs. C/P, *P* = 0.032; C/C vs. C/P, *P* = 0.006) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). In contrast, P/C offspring exhibited higher plasma HDL cholesterol concentration compared to both P/P and C/C offspring (P/P vs. P/C, *P* \< 0.001; P/C vs. C/C, *P* \< 0.001) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). An *n*-6 PUFA-rich diet fed post-weaning was associated with higher plasma LDL- (*P* = 0.015) and non-HDL cholesterol concentrations (*P* = 0.001) in the offspring compared to the control diet ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). Multiple comparisons further revealed that C/P had higher non-HDL cholesterol concentration compared to the P/C and C/C offspring (C/P vs. P/C, *P* = 0.039; C/P vs. C/C, *P* = 0.006) ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}).

Offspring hepatic mRNA expression of LCAT and Sr-B1
---------------------------------------------------

An *n*-6 PUFA-rich diet fed post-weaning was associated with lower hepatic mRNA expression of SR-B1 in the P/P and C/P offspring compared to the P/C and C/C offspring (*P* \< 0.001) ([Fig. 1](#f1-nmi-3-2010-069){ref-type="fig"}). In contrast, a significant interaction between the pre- and post-weaning diets affected offspring hepatic mRNA expression of LCAT (*P* = 0.043) ([Fig. 1](#f1-nmi-3-2010-069){ref-type="fig"}). Multiple comparisons further revealed that a diet rich in *n*-6 PUFA fed pre-weaning was associated with the highest mRNA expression of hepatic LCAT in the P/C offspring compared to all other offspring (P/C vs. P/P, *P* = 0.015; P/C vs. C/C, *P* = 0.024; P/C vs. C/P, *P* = 0.009) ([Fig. 1](#f1-nmi-3-2010-069){ref-type="fig"}).

Offspring aortic contractile and relaxation responses
-----------------------------------------------------

A significant interaction between the pre- and post-weaning diets affected the maximal contractile responses of the offspring aortas to KCl (*P* = 0.002), PE (*P* = 0.021) and U46619 (*P* = 0.004) ([Fig. 2](#f2-nmi-3-2010-069){ref-type="fig"}). Multiple comparisons further revealed that P/C offspring exhibited lower aortic maximal contractile responses to PE when compared to the C/C offspring (*P* = 0.020), whereas C/P offspring exhibited lower maximal aortic contractile responses to U46619 compared to the C/C offspring (*P* = 0.035). In contrast, a pre-weaning diet rich in *n*-6 PUFA was associated with higher sensitivity to PE in the P/P offspring aortas compared to the C/P offspring aortas (*P* = 0.009), whereas no differences were observed for the sensitivity to U44619 among the aortas of various offspring ([Table 3](#t3-nmi-3-2010-069){ref-type="table"}).

Similar to the offspring aortic contractile responses, a significant interaction between the pre- and post-weaning diets was observed for their relaxation responses to ACh (*P* = 0.002) ([Fig. 3](#f3-nmi-3-2010-069){ref-type="fig"}). Multiple comparisons further revealed that C/P offspring aortas exhibited the lowest relaxation responses to ACh compared to all other offspring (P/P vs. C/P, *P* = 0.002; C/C vs. C/P, *P* = 0.001; P/C vs. C/P, *P* = 0.017) ([Fig. 3](#f3-nmi-3-2010-069){ref-type="fig"}). No differences were observed for the maximal relaxation responses to SNP in the aortas from various offspring ([Fig. 3](#f3-nmi-3-2010-069){ref-type="fig"}). However, a diet rich in *n-6* PUFA fed pre-weaning was associated with higher sensitivity towards ACh (*P* = 0.012) and SNP (*P* = 0.014) in the offspring aortas compared to the control diet ([Table 3](#t3-nmi-3-2010-069){ref-type="table"}).

Discussion
==========

Increased consumption of *n*-6 PUFA has been argued to be associated with increased prevalence of obesity and metabolic syndrome in Western population.[@b11-nmi-3-2010-069],[@b12-nmi-3-2010-069] The objective of the current study was to investigate the effects of pre- and post-weaning high-fat diets rich in *n*-6 PUFA on the lipid metabolism and vascular reactivity of the adult offspring. Results indicate that most of the parameters under study were affected by an interaction between the pre- and post- weaning diets enriched with *n*-6 PUFA, underscoring the importance of both pre- and post-weaning nutritional environment in maintaining the metabolic and cardiovascular health of the offspring in later life.

An effect of the interaction between pre- and post-weaning diets rich in *n*-6 PUFA was observed for offspring body weight, food and caloric intake as well as on the plasma lipid levels ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). A continuous exposure to diets rich in *n*-6 PUFA during pre- and post-weaning diets was however not associated with changes in the plasma lipid levels between P/P and C/C offspring, which can be explained based on the PAR hypothesis. The PAR hypothesis suggests that if the post-natal diet is similar to the prenatal diet, it confers a protective effect in terms of disease outcome in the offspring. However, if the postnatal diet is considerably different from the prenatal diet, the disease becomes manifest.[@b14-nmi-3-2010-069] Thus, it can be suggested that an exposure to the *n*-6 PUFA-rich pre-weaning environment was associated with metabolic adaptations in the offspring that resulted in normal plasma lipid levels when the offspring continued on the *n*-6 PUFA-rich diet post-weaning. This proposal is further corroborated by our observations that an exposure to *n*-6 PUFA-rich diet during post-weaning alone was associated with higher total-cholesterol in the C/P offspring, whereas an exposure to the *n*-6 PUFA-rich diet pre-weaning was associated with higher HDL-cholesterol in the P/C offspring compared to the C/C offspring.

A diet rich in linoleic acid (LA), an *n*-6 PUFA, has previously been shown to increase HDL-cholesterol concentration, which was associated with reduced aortic atherosclerotic lesion area in apo-E deficient mice.[@b18-nmi-3-2010-069] The *n*-6 PUFA diet used in the current study was particularly rich in LA ([Table 1](#t1-nmi-3-2010-069){ref-type="table"}), thus it is likely that LA is the causal factor in the maternal diet that would have contributed to higher HDL-cholesterol concentration in the adult C57Bl/6 mice offspring ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}). HDL-cholesterol is involved in the reverse cholesterol transport pathway, thus presence of higher HDL-cholesterol concentration can be expected to have anti-atherogenic effects in the offspring. We have previously reported that a maternal diet rich in SFA was associated with higher total- and LDL-cholesterol in the offspring fed control diet post-weaning compared to the C/C offspring.[@b13-nmi-3-2010-069] In the current study, we observed that a maternal diet rich in *n*-6 PUFA did not increase LDL-cholesterol, instead it was associated with significantly higher HDL-cholesterol in the offspring, which suggests that the type of maternal dietary fat intake can specifically program offspring lipid metabolism during adult life.

LCAT and SR-B1 play an important role in the reverse cholesterol transport pathway and have been shown to be up-regulated by diets rich in PUFA.[@b19-nmi-3-2010-069] Thus, in an attempt to pinpoint the plausible underlying mechanisms of an increase in HDL-cholesterol by maternal intake of *n*-6 PUFA-rich diets, the hepatic gene expression of LCAT and SR-B1 was assessed. The hepatic mRNA expression of LCAT was significantly higher in the offspring obtained from mothers fed an *n*-6 PUFA-rich diet and those who continued on the control diet post-weaning (ie, P/C) compared to all other offspring ([Fig. 1](#f1-nmi-3-2010-069){ref-type="fig"}). The hepatic mRNA expression of LCAT has been shown to increase plasma HDL cholesterol in rats.[@b20-nmi-3-2010-069] Since LCAT is responsible for converting free cholesterol in HDL particle to cholesterol esters thereby assisting in further removal of cholesterol from the peripheral cells,[@b21-nmi-3-2010-069] an increased expression of LCAT may have contributed to an increase in plasma HDL-cholesterol concentrations observed in case of the P/C offspring.

SR-B1 plays an important role in the selective uptake of HDL-cholesterol by the liver.[@b22-nmi-3-2010-069] The *n*-6 PUFA-rich diet fed post-weaning was associated with reduced expression of hepatic SR-B1 and a concomitant increase in non-HDL cholesterol concentrations in the P/P and C/P offspring compared to the P/C and C/C offspring ([Fig. 1](#f1-nmi-3-2010-069){ref-type="fig"}). Besides clearing the HDL particles, hepatic SR-B1 has been reported to act as a remnant receptor and bind to LDL, VLDL and apo-B containing lipoprotein-particles resulting in their clearance from the plasma.[@b23-nmi-3-2010-069] It is likely that down-regulation of hepatic SR-B1 expression by *n*-6 PUFA-rich diets resulted in an increase in the plasma non-HDL cholesterol concentration of the offspring exposed to these diets post-weaning.

Changes in plasma cholesterol concentrations have been associated with changes in endothelial cell functions in various studies. Whilst higher LDLcholesterol concentrations have been associated with endothelial dysfunction *in vitro*[@b24-nmi-3-2010-069] and *in vivo* studies,[@b25-nmi-3-2010-069] an increase in plasma HDL-cholesterol concentration has been associated with improved endothelial function in humans[@b26-nmi-3-2010-069] and in mice.[@b27-nmi-3-2010-069] Since P/C offspring exhibited higher HDL-cholesterol concentrations, it was expected that maternal diet rich in *n*-6 PUFA would have beneficial effects on the aortic smooth muscle and endothelium function in these offspring. However, P/C offspring exhibited reduced aortic contractile responses towards PE when compared to the C/C offspring. In contrast, C/P offspring exhibited reduced aortic contractile responses towards thromboxane mimetic U46619 and reduced relaxation responses to ACh when compared to the C/C offspring. Previous studies investigating the effects of maternal high-fat diets on the offspring vascular function have reported reduced relaxation responses and enhanced constrictor responses in the offspring vessels,[@b28-nmi-3-2010-069],[@b29-nmi-3-2010-069] albeit in different vascular beds such as mesenteric and femoral arteries. The discrepancies in our observations may be attributed to the difference in species and vascular beds studied. In a recent study, Byers et al reported smaller contractions by PE and U46619 as well as attenuated relaxations to ACh in the carotid artery of the offspring obtained from the CD-1 mice made obese by feeding high-fat diets and pre-eclamptic by injecting adenoviruses containing soluble fms-like tyrosine kinase-1.[@b30-nmi-3-2010-069] This study also highlighted that the contractile responses to PE were significantly lower in the carotid arteries of the female offspring obtained from the mothers fed a high-fat diet compared to male offspring, pointing towards complex gender- associated differences. We[@b13-nmi-3-2010-069] and others[@b31-nmi-3-2010-069] have also reported gender-associated differences in the vascular function of the offspring exposed to lard-rich diets during pre- and post-weaning time periods previously. Since we only studied the female offspring in the current study, it is acknowledged that complex and yet to be understood gender-mediated mechanisms may also have played a role behind our observations.

The C/P offspring showed higher circulating total-cholesterol concentrations ([Table 2](#t2-nmi-3-2010-069){ref-type="table"}) and lower aortic contractions and relaxations by U46619 and ACh, respectively, compared to the C/C offspring ([Figs. 2](#f2-nmi-3-2010-069){ref-type="fig"} and [3](#f3-nmi-3-2010-069){ref-type="fig"}). Previously, Jiang et al reported reduced aortic contractile responses to U46619 and reduced aortic relaxation responses to ACh in apo E^−/−^ mice fed high-fat diets.[@b32-nmi-3-2010-069] These mice exhibited higher circulating plasma total- cholesterol concentrations along with aortic lesions compared to the wild-type C57Bl6 mice.[@b32-nmi-3-2010-069] In contrast, Ellis et al reported reduced aortic contractility to α~1~-adrenoreceptor agonist in C57Bl/6 mice fed a high-fat Western-style diet for a period of 8-weeks. Interestingly, these mice exhibited less relaxations of aortas by ACh only when incubated with high glucose (ie, 30 mM) for a 20-hour period. These authors concluded that dyslipidemia on a short term basis was associated with altered aortic smooth muscle function, but the added presence of hyperglycemia was required to produce the endothelial cell dysfunction in the C57Bl/6 mice vasculature.[@b33-nmi-3-2010-069] These studies suggest that the effects of diet on vascular function are complex where more than one factor may affect the vascular tone.

A diet rich in LA has been found to inhibit the basal endothelial NOS activity in an immortalized human endothelial cell line.[@b34-nmi-3-2010-069] Moreover, LA-rich diets have also been shown to increase urinary 8-isoprostaglandin F2~α~". that was further associated with reduced urinary NO metabolites in healthy young individuals.[@b35-nmi-3-2010-069] Thus, it is suggested that LA-mediated increase in oxidative stress could yet be another causative mechanism behind the endothelial dysfunction observed in case of the C/P offspring besides their hyperlipidemic state. In comparison to P/C and C/P offspring, the P/P offspring exhibited no differences in their aortic contractile and relaxation responses towards various drugs used, which is indicative of the protective effects of PAR hypothesis. Our results are in line with previous studies where a continuous exposure to high-fat and atherogenic diets during pre- and post-weaning time periods was associated with protective effects on the endothelial function of mesenteric arteries in the adult rats[@b36-nmi-3-2010-069] and aortic fat deposition in a pig model of developmental programming.[@b37-nmi-3-2010-069] The protective effects observed in each of the above studies point towards the plasticity and versatility of the PAR hypothesis, which seem to exist beyond species and nature of the dietary insults.

In conclusion, the current study provides evidence to support the PAR hypothesis and highlights the importance of the interaction between pre- and post-weaning dietary environment on the overall metabolic and cardiovascular health of the offspring. Our findings also suggest a complex association between diet and vascular function. Future studies are warranted to understand the mechanisms by which pre- and post-weaning diets interact to regulate metabolic pathways in the offspring.
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![Hepatic mRNA expression of (**A**) SR-B1 (**B**) and LCAT in various offspring.\
Data represents means ± SEM (n = 6--8, specified in section 2.6). Two way ANOVA followed by Tukey's HSD *post Hoc* analysis was performed to assess the effects of pre-weaning diet, post-weaning diet and of their interaction (Pre X Post) on LCAT and SR-B1 mRNA expression. Different superscripts represent significant differences of *P* \< 0.05.\
**Abbreviations:** P/P**,** offspring fed *n-6* PUFA-rich diet both during pre- and post-weaning time periods. P/C,offspring fed *n-6* PUFA-rich diet during pre-weaning alone; C/C, offspring fed control diet both during pre- and post-weaning time periods; C/P, offspring fed *n-6* PUFA-rich diet during post-weaning alone. SR-B1, scavenger receptor-B1; LCAT, Lecithin cholesterol acyltransferase; Pre, pre-weaning; Post, post-weaning; NS, non-significant.](nmi-3-2010-069f1){#f1-nmi-3-2010-069}

![Dose-dependent contractions of the aorta from various offspring by (**A**) KCl, (**B**) phenylephrine and (**C**) U46619.\
Data represents means ± SEM (n = 6--8, specified in section 2.6). Two way ANOVA followed by Tukey's HSD *post Hoc* analysis was performed to assess the effects of pre-weaning diet, post-weaning diet and of their interaction (Pre X Post) on the aortic contractile responses. Different superscripts represent significant differences of *P* \< 0.05.\
**Abbreviations:** P/P (▪), offspring fed *n-6* PUFA-rich diet both during pre- and post-weaning time periods; P/C (□), offspring fed *n-6* PUFA-rich diet during pre-weaning alone, C/C (○), offspring fed control diet both during pre- and post-weaning time periods; C/P (•), offspring fed *n-6* PUFA-rich diet during post-weaning alone. Pre, pre-weaning; Post, post-weaning; NS, non-significant.](nmi-3-2010-069f2){#f2-nmi-3-2010-069}

![Dose-dependent relaxation responses of the aorta from various offspring by (**A**) acetylcholine and (**B**) sodium nitroprusside.\
Data represents means ± SEM (n = 6--8, specified in section 2.6). Two way ANOVA followed by Tukey's HSD *post Hoc* analysis was performed to assess the effects of pre-weaning diet, post-weaning diet and of their interaction (Pre X Post) on the aortic relaxation responses. Different superscripts represent significant differences of *P* \< 0.05.\
**Abbreviations:** P/P (▪), offspring fed *n-6* PUFA-rich diet both during pre- and post-weaning time periods; P/C (□), offspring fed *n-6* PUFA-rich diet during pre-weaning alone, C/C (○), offspring fed control diet both during pre- and post-weaning time periods; C/P (•), offspring fed *n-6* PUFA-rich diet during post-weaning alone. Pre, pre-weaning; Post, post-weaning; NS, non-significant.](nmi-3-2010-069f3){#f3-nmi-3-2010-069}

###### 

Fatty acid composition of the experimental diets.

  **Fatty acids**                 **High-fat *n*-6 PUFA**   **Control**
  ------------------------------- ------------------------- -------------
  C14:0 (myristic acid)           ND                        1
  C16:0 (palmitic acid)           8                         18
  C18:0 (stearic acid)            3                         5
  ∑ SFA                           11                        24
  C16:1 (palmitoleic acid)        ND                        1
  C18:1 (oleic acid)              15                        22
  C20:1 (eicosenoic acid)         ND                        ND
  ∑ MUFA                          15                        23
  C18:2 (linoleic acid)           70                        38
  C18:3 (linolenic acid)          4                         4
  C20:5 (eicosapentaenoic acid)   ND                        1
  C22:6 (docosahexaenoic acid)    ND                        2
  ∑ PUFA                          74                        45

**Note:** Given as % area covered by each fatty acid peak.

**Abbreviations:** ∑ SFA, sum of saturated fatty acids; ∑ MUFA, sum of monounsaturated fatty acids; ∑ PUFA, sum of polyunsaturated fatty acids; ND, not detected.

###### 

Body weight, food-, caloric-intake and plasma variables of various offspring.

                              **P/P**         **P/C**          **C/C**          **C/P**          **Pre**   **Post**       **Pre × Post**
  --------------------------- --------------- ---------------- ---------------- ---------------- --------- -------------- ----------------
  Body weight (g)             21.3 ± 0.8^a^   16.7 ± 0.3^b^    18.6 ± 0.8^ab^   18.3 ± 0.4^ab^   NS        *P* = 0.014    *P* = 0.002
  Food intake (g/day)         2.5 ± 0.2^b^    3.6 ± 0.1^a^     4.1 ± 0.2^a^     2.3 ± 0.0^b^     NS        *P* \< 0.001   *P* = 0.028
  Caloric intake (Kcal/day)   12.8 ± 1.0^b^   14.7 ± 0.3^ab^   17.0 ± 1.0^a^    11.7 ± 0.2^b^    NS        *P* \< 0.001   *P* = 0.037
  Glucose (mM)                7.4 ± 0.7       8.5 ± 0.6        8.3 ± 0.4        8.5 ± 0.4        NS        NS             NS
  NEFA (mM)                   1.4 ± 0.3       1.2 ± 0.0        1.0 ± 0.1        1.4 ± 0.1        NS        NS             NS
  TG (mM)                     0.4 ± 0.0       0.6 ± 0.1        0.4 ± 0.0        0.6 ± 0.1        NS        NS             *P* = 0.014
  Total-cholesterol (mM)      1 ± 0.2^b^      1.2 ± 0.2^ab^    0.9 ± 0.1^b^     1.7 ± 0.1^a^     NS        *P* = 0.048    P = 0.006
  LDL-cholesterol (mM)        0.5 ± 0.1       0.3 ± 0.1        0.3 ± 0.1        0.6 ± 0.1        NS        *P* = 0.015    NS
  HDL-cholesterol (mM)        0.3 ± 0.1^b^    0.8 ± 0.1^a^     0.4 ± 0.0^b^     0.6 ± 0.1^ab^    NS        *P* = 0.005    *P* \< 0.001
  non-HDL-cholesterol (mM)    0.8 ± 0.1^ab^   0.5 ± 0.1^b^     0.4 ± 0.1^b^     0.9 ± 0.1^a^     NS        *P* = 0.001    NS

**Notes:** Data represents means ± SEM (n = 6--8, specified in section 2.6). Two way ANOVA followed by Tukey's HSD *post Hoc* analysis was performed to assess the effects of pre-weaning diet, post-weaning diet and of their interaction (Pre × Post) on various parameters. Different superscripts represent significant differences of *P* \< 0.05.

**Abbreviations:** P/P = offspring fed *n-6* PUFA-rich diet both during pre- and post-weaning time periods; P/C, offspring fed *n-6* PUFA-rich diet during pre- and post-weaning time periods; C/C, offspring fed control diet both during pre- and post-weaning time periods; C/P, offspring fed *n-6* PUFA-rich diet during post-weaning alone; NEFA, non-esterified fatty acids; TG, triglycerides; LDL, low-density lipoprotein; HDL, high-density lipoprotein; Pre, pre-weaning; Post, post-weaning; NS, non-significant.

###### 

Half-maximal dose concentration (pEC50) of the offspring aortic rings towards various drugs.

                         **P/P**        **P/C**         **C/C**         **C/P**        **Pre**       **Post**   **Pre × Post**
  ---------------------- -------------- --------------- --------------- -------------- ------------- ---------- ----------------
  Phenylephrine          8.2 ± 0.1^a^   7.8 ± 0.2^ab^   7.6 ± 0.2^ab^   7.3 ± 0.1^b^   *P* = 0.009   NS         NS
  U46619                 7.4 ± 0.1      7.4 ± 0.2       7.7 ± 0.1       7.3 ± 0.1      NS            NS         NS
  Acetylcholine          7.4 ± 0.2      7.3 ± 0.1       7.1 ± 0.1       6.9 ± 0.1      *P* = 0.012   NS         NS
  Sodium nitroprusside   8.1 ± 0.1      8.1 ± 0.1       7.7 ± 0.1       7.9 ± 0.1      *P* = 0.014   NS         NS

**Notes:** Data represents means ± SEM (n = 6--8, specified in section 2.6). Two way ANOVA followed by Tukey's HSD *post Hoc* analysis was performed to assess the effects of pre-weaning diet, post-weaning diet and of their interaction (Pre × Post) on various parameters. Different superscripts represent significant differences of *P* \< 0.05.

**Abbreviations:** P/P = offspring fed *n-6* PUFA-rich diet both during pre- and post-weaning time periods; P/C, offspring fed *n-6* PUFA-rich diet during pre-weaning alone; C/C, offspring fed control diet both during pre- and post-weaning time periods; C/P, offspring fed *n-6* PUFA-rich diet during post-weaning alone; Pre, pre-weaning; Post, post-weaning; NS, non-significant.
